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(54) DIRECT FILAMENT CATHODE 

(57) Using: in electronic equipment. The essence of invention: in the direct filament 
cathode the cathode body is hardly jointed with filament and consists of the Iridium alloy 
with Lanthanum or Cerium, Tungsten and/or Rhenium at their ratio in% mass : Lanthanum 
or Cerium 5 - 12, Tungsten and/or Rhenium 2- 25, Iridium - the rest, filament consists of 
alloy of Tungsten and Rhenium at their ratio in % mass : Tungsten 70- 90, Rhenium 10 - 
30 or of alloy Tungsten, Rhenium and Iridium at their ratb in % mass : Tungsten 70 - 90, 
Rhenium 9.5 - 25.0, Iridium 0.5 - 5.0. 



The invention concerns to electronic equipment, more exactly to the direct filament 
cathode having application as a source of electrons of electron beam tubes such as high 
resolution display tubes, television picture tubes of high sharpness, projection picture tubes 
and a number of other electron-beam tubes of special purposes. 



The problem of miniature rectangle thermo-electron cathode creation, which provides 
high density emission, is closely connected with the development and selection of cathode 
body and filament (heater) compositions which depend upon one another, because the 
connection of cathode body with the heater causes, at high temperature, chemical and 
diffusion processes on the board cathode - heater (filament), which cause the cathode 
destruction or its emission activity loss. 

Implementation of the miniature cathode based on Lanthanum Hexaboride providing 
high density emission is widely known. This cathode, particularly in its monocrystall 
modification, can provide current density output till several tens of Amperes per square 
centimeter even at rather small (less than 1 mm) cathode dimensions. In this connection 
such cathode is applied as units with small emission surface or even peak or nearly peak 
emitters. 

However, in spite of electron sources made of Lanthanum Hexaboride attractiveness, 
they are applied particularly in single or small batch electric-vacuum installations, where 
there is the direct access into the installation body and replacement of the failed units. The 
reason of this is that there is no reliable technology for the joining of cathode body made of 
Lanthanum Hexaboride with filament made from high-melting metals, such as Tungsten or 
its alloys which can be heaters, there is no, because Tungsten and other highmelting metals 
suitable for manufacturing of filament do not form reliable junction with Lanthanum 
Hexaboride. Lanthanum Hexaboride under contact with Tungsten forms a numberof friable 
chemical compounds with Tungsten (Tungsten Borides), that cause bad mechanical 
properties of the unit. Furthermore, reaction between Lanthanum Hexaboride and Tungsten 
decreases long life of the cathode because it increases the speed of Lanthanum evaporation 
from the cathode. 

For overcoming of these difficulties the complicated constructions of filament cathode 
based on Lanthanum Boride and similar to it chemical compounds with high emission 
properties were created. For instance, thermo-electron cathode [1] where cathode body is 
hardly jointed with filament is known. The mentioned cathode contains three layers. The 
first one is sharpened layer with the composition having properties of thermalion emission 
with general formula MeB 6 , where Me - alkali earth metal (Barium, Calcium) or rare earth 
metal selected from group of Lanthanum, Yttrium, Samurai and Gadolinium. Third layer 
consists of high melting metal, for instance Tantalum, Rhenium or Molybdenum. The 
second layer, which prevents the reaction, is placed between the first and the third ones. 
Material for the second layer is selected from one or more groups consist of Borides and 
Nitrides with high melting temperature and current conduction properties. The first and 
second current outlets are melted into the third layer. As a result current passes from the 
first outlet through the third layer into the second outlet. 

The mentioned cathode is characterized by complication of its manufacturing 
technology, insufficient strength and long lffe because of Lanthanum Hexaboride and other 
compounds used, comparatively low chemical resistance in vacuum, and also because of 
low mechanical resistance of multilayer cathode two of three layers of which are friable 
chemical compounds. What's more, the exploitation practice of such miniature cathodes 



shows that layers, which insulate emission compounds from the filament, exposed to step 
by step destruction which is connected with interpenetretion diffussion of layers materials. 
This, from one side, decreases long life of the cathode, because of its emission layer 
destruction, from another side, increases friability of the cathode and filament, produces 
mechanical unreliability of all the construction. 

Direct filament cathodes, where cathode body is hardly tightened with filament which 
outperform the above mentioned cathode by their emission properties, are known. These are 
cathodes based on two or three alloys of Platinum group metals with rare earth metals, for 
instance of Iridium with Lanthanum or Cerium, or with metals selected from Titanium, 
Hafnium, Tungsten, Niobium, Molybdenum and others [2]. However these direct filament 
cathodes are characterized by taking place of chemical interaction between cathode body 
and heater (filament) followed by cathode emission properties loss. 

Atoms of rare earth metals, which eliminates under chemical interaction, migrate over 
the cathode body surface and form on this surface, including its emission part, layers of 
poorly emitting chemical compounds such asIr 2 La (or Ir 2 Ce) and also other compounds 
with rare earth metals, that results in decrease of emission properties of the mentioned 
cathode. 

The basis for the invention is the problem to select such compositions of cathode body 
and filament, which would allow to provide high emission properties and exacting 
exploitation characteristics of the cathode, taking into account its small dimensions. 

The problem is solved by the way that in the applied direct filament cathode, in which 
cathode body is hardly tightened with filament, based on the alloy including metals selected 
from Iridium, Cerium, Lanthanum, Tungsten, according to the invention, the cathode body 
consists of the alloy of Iridium with Lanthanum or Cerium, Tungsten and /or Rhenium at 
their ratio in % mass: 
Lanthanum or Cerium 5 - 12 
Tungsten and/or 2-25 
Rhenium 

Iridium the rest 

and filament consists of the alloy of Tungsten and Rhenium at their ratio in % mass: 
Tungsten 70 - 90 

Rhenium 10 - 30 

or from the alloy of Tungsten, Rhenium and Iridium at their ratio in % mass: 
Tungsten 70-90 
Rhenium 9.5 - 25.0 

Iridium 0.5-5.0 

The applied direct filament cathode with the selected composition of the cathode body 
and filament allows to provide high emission characteristics under small detentions of the 
cathode. Owing to the selected specified composition of the cathode body and filament the 
chemical processes on the board of cathode body and filament (heater) are retarded, that 
provides durability, reliability of the applied cathode and conservation of high emission 
properties. The applied cathode has high exploitation parameters: 



Working temperature 1500 - 1650°C 
Heating power 1.2- 12 W 

Current density 1-200 A/cm 2 

Life-in-service in 

cyclic operation mode from 1000 to 3000 hours. 

The applied cathode body consists of the alloy of Iridium with Lanthanum or Cerium, 

Tungsten and/or Rhenium at their ratio in % mass: 

Lanthanum or Cerium 5-21 

Tungsten and/or 2-25 

Rhenium 

Iridium the rest 

Lanthanum or Cerium, introduced into the composition of the mentioned alloy, are the 
most resistant for evaporation rare earth metals, while Tungsten and Rhenium allow to 
decrease chemical affinity of cathode body and filament materials, and, thereby, to prevent 
the processes of their chemical interaction. Amount of Lanthanum and Cerium is selected in 
such a way that eliminates possibility of forming on the cathode surface poorly emitting 
compounds of Ir 2 La type. Increase of the mentioned metals content more than 12 % mass 
results in decreasing of the cathode emission properties, while decrease of the content less 
than 5 % mass impairs cathode life-in-service because of active compound - rare earth 
metal - deficiency. 

The content of Tungsten and/or Rhenium in amount of 2 - 25 % mass of the alloy is 
selected in such a way that decreases cathode body and filament materials chemical affinity, 
that is why decrease of their content or its increase will serve to sacrifice of the cathode 
emission properties. 

The filament, in the applied cathode consists of the alloy of Tungsten and Rheniumat 
their ratio in % mass: Tungsten 70 - 90, Rhenium 10 - 30 or from the alloy of Tungsten, 
Rhenium and Iridium at their ratio in % mass: 
Tungsten 70 - 90 

Rhenium 9.5-25.0 
Iridium 0,5 - 5.0 

Rhenium which is used in the alloy is closer to Iridium than Tungsten by 
electronegativity and do not form intermetallic compounds with it. There is no sense in 
content of Rhenium more than 30 % mass, because filament becomes friable at its excess 
amount . Additional introduction of Iridium in amount 05- 5 % mass into the Tungsten and 
Rhenium alloy composition allows to decrease chemical affinity of the cathode body and 
filament. In this case decrease of the mentioned amount less than 0.5 % mass or ifc increase 
more than 5 % mass will sacrifice mechanical properties of the filament. 

The mentioned alloys can be manufactured by usual melting in arc furnace, vacuum 
melting or by powder method from the intermediate product which consist of the proper 
high melting metals powders and also with Lanthanum or Cerium Hydrides powders. 

Example 1. The applied direct filament cathode consists of the cathode body made as a 
cylinder, one of the bases of which serves as the emission surface (cathode diametff 1 mm), 



and heater in the form of two filaments, connected to one of the cathode body bases, with 

dimensions: filament length 3.4 mm, filament diameter 0.12 mm. 

Cathode body consists of the alloy, % mass: 

Cerium 12 

Rhenium 23 

Iridium the rest 

Filament consists of the alloy, % mass: 
Rhenium 10 
Tungsten the rest 

The mentioned alloys of the applied cathode are manufactured by powder method from 
the intermediate products which consist of the mentioned metals powders. 

Testing results of the applied cathode reveal the following electrical and exploitation 
characteristics: 

Cathode working temperature 165tfC 

Heating power 9 W 

Cathode current in permanent regime 600 mA 

Cathode current density 75 A/cm 2 

Life-in-service in 

cyclic operation mode of 

heating with the cycle time - 50 min - on, 10 min - off > 1000 hours 
Example 2. The applied direct filament cathode consists of the cathode body made as" a 
rectangular parallelepiped with the dimensions of the sides length 0.6 mm, width 0.5 mm, 
height 0.4 mm and heater in the form of two filaments, connected to one of the cathode 
body side ( dimensions of the filament: length 2.8 mm, diameter 0.6 mm). 

Cathode body consists of the alloy, % mass: 
Cerium 8 
Tungsten 3 
Iridium the rest 

Filament consists of the alloy, % mass: 
Rhenium 27 
Tungsten the rest 

The mentioned alloys are manufactured in the Argon-arc furnace on Copper water- 
cooled crystallizer in Argon atmosphere. 

Testing results of the mentioned cathode reveal the following electrical and exploitation 
characteristics: 

Cathode working temperature 150tfC 

Heating power 2.4 W 

Cathode current in permanent regime 60 mA 

Cathode current density 20 A/cm 2 

Life-in-service in 

cyclic operation mode of 

heating with the cycle time - 50 min - on, 10 min - off 15000 hours 



Example 3. The applied direct filament cathode consists of the cathode body made as a 
parallelepiped with the dimensions of the sides: length 0.4 mm, width 0.4 mm, height 0.4 
mm and heater in the form of two filaments, connected to one of the cathode body side with 
the dimensions of each filament: length 2.5 mm, diameter 0.5 mm. 
Cathode body consists of the alloy, % mass: 
Cerium 6 
Tungsten 3 
Iridium the rest 

Filament consists of the alloy, % mass: 
Rhenium 20 
Tungsten the rest 

The mentioned alloys are manufactured in the arc furnace on Copper watetcooled 
crystallizer in Argon atmosphere. 

Testing results of the mentioned cathode reveal the following electrical and exploitation 

characteristics: 

Cathode working temperature 150tfC 

Heating power 1.4 W 

Cathode current in permanent regime 2 mA 

Cathode current density 1 2 A/cm 2 

Life-in-service in 

cyclic operation mode of 

heating with the cycle time - 50 min - on, 10 min - off >30000 hours 
Example 4. The applied direct filament cathode consists of the cathode body made as a 
rectangular parallelepiped with the dimensions of the sides: length 0.4 mm, wflth 0.4 mm, 
height 0.4 mm and heater in the form of filament with the dimensions: length 2 mm, 
diameter 0.15 mm. 

Cathode body consists of the alloy, % mass: 
Cerium 6 
Tungsten 3 
Iridium the rest 

Filament consists of the alloy, % mass: 
Rhenium 10 
Iridium 4 
Tungsten the rest 

The mentioned alloys are manufactured by powder method. 

Testing results of the mentioned cathode reveal the following electrical and exploitation 
characteristics: 

Cathode working temperature 168tf C 
Heating power 4W 
Cathode current in permanent regime 200 mA 
Cathode current density 125 A/cm? 

Life-in-service in 



permanent current withdrawal operation mode 1000 hours 

Example 5. The applied direct filament cathode consists of the cathode body made as a 
cylinder, one of the bases of which serves as the emission surface (cathode diameter 1 mm), 
and heater in the form of two filaments, connected to one of the cathode body bases 
(filament dimensions: length 3.4 mm, diameter 0.12 mm). Cathode body consists of the 
alloy, % mass: 
Cerium 12 
Rhenium 23 
Iridium the rest 

Filament consists of the alloy, % mass: 
Rhenium 10 
Tungsten the rest 

The mentioned alloys are manufactured by powder method. 

Testing results of the mentioned cathode reveal the following electrical and exploitation 
characteristics: 

Cathode working temperature 160CfC 

Heating power 8 W 

Cathode current in permanent regime 600 mA 

Cathode current density 75 A/cm 2 

Life-in-service in 

cyclic operation mode of 

heating with the cycle time - 50 min - on, 10 min - off > 1000 hours 

Example 6. The applied direct filament cathode consists of the cathode body made as a 

parallelepiped with the dimensions of the sides: length 0.4 mm, width 0.4 mm, height 0.4 

mm and heater in the form of two filaments, connected to one of the cathode body side with 

the dimensions of each filament: length 2.5 mm, diameter 0.5 mm. 

Cathode body consists of the alloy, % mass: 

Cerium 6 

Tungsten 3 

Iridium the rest 

Filament consists of the alloy, % mass: 
Rhenium 27 
Tungsten the rest 

The mentioned alloys are manufactured in the arc furnace on water-cooled crystallizer in 
Argo n . atm ospher e . 

Testing results of the mentioned cathode reveal the following electrical and exploitation 
characteristics: 

Cathode working temperature 150tf C 
Heating power 1 .4 W 

Cathode current in permanent regime 2 mA 
Cathode current density 1.2 A/cm 2 

Life-in-service in 



cyclic operation mode of 

heating with the cycle time - 50 min - on, 10 min - off >30000 hours 
Example 7. The applied direct filament cathode consists of the cathode body made as a 
cylinder with the dimensions: diameter 1.6 mm, height 0.6 mm and heater in the formof 
two filaments, connected to one of the cathode body bases with the dimensions of 
filaments: length 2.5 mm, diameter 0.12 mm). 

Cathode body consists of the alloy, % mass: 
Lanthanum 10 
Tungsten 12 
Iridium the rest 

Filament consists of the alloy, % mass: 
Rhenium 27 
Tungsten the rest 

The mentioned alloys are manufactured by powder method. 

Testing results of the mentioned cathode reveal the following electrical and exploitation 
characteristics: 

Cathode working temperature 1600°C 
Heating power 12 W 

Cathode current in permanent regime 1.2 A 
Cathode current density 45 A/cm 2 

Resistance of the cathode to the influence of 

short heating cycles in regime - 1 min - on, 1 min - off, cycles quantity 10000 
Example 8. The applied direct filament cathode consists of the cathode body made as a 
cylinder with the dimensions: diameter 0.4 mm, height 0.5 mm and heater in the form of 
filament with the dimensions: filament length 3.2 mm, filament diameter 0.C6 mm). 

Cathode body consists of the alloy, % mass: 
Cerium 10 
Tungsten 3 
Rhenium 3 
Iridium the rest 

Filament consists of the alloy, % mass: 
Rhenium 20 
Tungsten the rest 

Example 9. The applied direct filament cathode consists of the cathode body made as a 
cylinder, one of the bases of which serves the emission surface (cathode diameter 1 mm), 
and heater in the form of two filaments, connected to one of the cathode body bases with 
dimensions: filament length 3.4 mm, filament diameter 0.12 mm. 
Cathode body consists of the alloy, % mass: 
Cerium 12 
Rhenium 25 
Iridium the rest 

Filament consists of the alloy, % mass: 



Rhenium 30 
Tungsten the rest 

The mentioned alloys of the applied cathode are manufactured bypowder method from 
the intermediate products which consist of the mentioned metals powders. 

Testing results of the applied cathode reveal the following electrical and exploitation 
characteristics: 

Cathode working temperature 165(?C 

Heating power 9 W 

Cathode current in permanent regime 600 mA 

Cathode current density 80 A/cm 2 

Life-in-service in 

cyclic operation mode of 

heating with the cycle time - 50 min - on, 10 min - off > 1000 hours 

Example 10. The applied direct filament cathode consists of the cathode body made as a 

parallelepiped with the dimensions of the sides: length 0.4 mm, width 0.4 mm, height 0.4 

mm and heater in the form of two filaments, connected to one of the cathode body side with 

the dimensions of each filament: length 2.5 mm, diameter 0.5 mm. 

Cathode body consists of the alloy, % mass: 

Cerium 5 

Tungsten 2 

Iridium the rest 

Filament consists of the alloy, % mass: 
Rhenium 10 
Tungsten the rest 

The mentioned alloys are manufactured in the arc furnace on Copper water-cooled 
crystallizer in Argon atmosphere. 

Testing results of the mentioned cathode reveal the following electrical and exploitation 
characteristics: 

Cathode working temperature 150CFC 

Heating power 1.2 W 

Cathode current in permanent regime 2 mA 

Cathode current density 1 A/cm 2 

Life-in-service in 

cyclic operation mode of 

heating with the cycle time - 50 min - on, 10 min - off >25000 hours 

FORMULA OF THE INVENTION 

1. DIRECT FILAMENT CATHODE, in which cathode body is hardly tightened with 
filament consists of the alloys of rare earth group metal - Lanthanum or Cerium, Platinum 
group metal - Iridium and high melting metal, differs by cathode body containing 
Tungsten and/or Rhenium as high melting metal at the ratio of these metals , % mass: 



Lanthanum or Cerium 
Tungsten and/or Rhenium 
Iridium 



5-12 
2-25 
the rest 



and filament consisting of metals alloys - Tungsten and Rhenium at their ratio % mass: 
Tungsten 70-90 
Rhenium 10-30 

2. Cathode by point 1, differs by additional containing of Iridium in the filament alloy 
of metals. The ratio of metals is as follows: 
Tungsten 70-90 
Rhenium 9.5-25.0 
Iridium 0.5-5.0 
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(57) Hcnojn>30BaHiie: b anexTpoHHoft tcxhh- 
xe. CynmocTb H3o6peTeHHsi: b npHMoxaHajib- 
hom Kaxofle xaTOAHoe Tejfio xecrxo 



cxperuieiio c hdi-bio HaKannnajntH n coctout 
H3 canaBa hphaiih h jiaHxaiiOM hjih uepneM, 

BOJlb(j)paMOM h/hJIH PCHHCM UpII HX COOTHO- 

aiCHH5ix, Mac.%: jiaHTan a,™ ucpmi 5-12, 
BOjib({5paM n/itnii pcimft 2 - 25, lipjuon* - 
ocrajibHOC, a hjiti> iraKajuiBamis coctout in 
omasa BO/ibcfjpaMa ii pernio npn nx cootho- 
memiflx, Mac.%: BarcwfcpaM 70 - 90, peHufi 
10-30 win H3 cruraBa BanufrpaMa, pchhh ii 
Hp«nii5i npa hx cooTHOoieininx, Mac.%: Bcuib- 
(JjpaM 70 - 90, pcHHfl 9,5 - 25,0, iipKwfi 
0,5 - 5,0. 1 3. n. <|wibi. 
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H306peTeHMe OTHOCMTCfl K 3/ieXTpOHHO* 

TexHMKe, a TOMHee k np«MOHaxa/ibHOMy xaTo~ 
Ay. HaxoflflineMy npMMeHemie b KaMecTBe mc- 

TOMHMXa 3/ieKTpOHOB 3/ieXTpOHHO-/iyMeBUX 

Tpy6ox, T3KMX xax AwcnneMHue Tpy6xM buco- 5 
xoro pa3peujeHnn, XMHecxonu Te/ieBHAeHun 

BblCOXOfl MeTKOCTH, npoeKL^MOHHbie KMHeCKO- 

nw m pyiA APyrwx 3/iexTpoHHO-nyMeBbix Tpy6oK 
cnequa/ibHoro Ha3HBMeHMa. 

npo6/ieMaco3AaHM«npjiMoyro/ibHbiXTep- 10 

M03/ieXTpOHHblX K3T0A0B M3/1WX pa3MepOB, 

o6ecneMMBaKDmwx BbicoKyw n/iOTHocrrb smmc- 
cmm, TecHo CBj?33Ha c paspaeoTxofl m noA6o- 
POM B33MM03aBMCMMblX Mexfly co6otf 
cocTaBOB xaTOAHoro Te/ia M HMTM Haxa/lMBaHM* 1 5 
(noAorpeBaTe/ij?) t Tax xax coeAMHeHwe xan>A- 
Horo Te/ia c noAorpesaTeneM Bbi3WBaeT npn 
Bbicoxofl TeMneparype xnMimecxne m AM<J><(>y- 
3MOHHue npoqeccw Ha rpaHMi;e xaTOA - noAO- 
rpesaTe/Tb (hmtm Haxa/iMBaHM*), xoTopwe 20 
npwBOAflT k pa3pyaieHiiK) xaTOAa m/im noTepw 

MM 3MMCCMOHHOfl 3XTMBHOCTM. 

UJmpoko M3BecTHd npMMeneHMe xaTOAa 
Ma/ioro pa3Mepa, o6ecneMMBa»omero aucoxyio 
nnoTHocTb 3MMCCMM Ha ocHOBe rexca6opMA3 25 
nanrana, 3tot xaTOA, ocoSeHHo b ero moho- 

XpMCT3/I/lMMeCX0fl MOAM(t)MKaUMM, MOXeT 

o6ecneMMTb nonyneHne n/toTHoc™ Toxa ao ho- 
. cxo/ibxnx aMnep m/im accjitxob aMnep c xbsa- 
' paTHoro caHTMMeTpa jxaxe npn OTHocnie/ibHo 30 

Ma/iux (MeHee 1 mm) pa3Mepax xaTOAa. B cba- 

3M C 3TMM TaXOfl K3TOA npMMeH*eTC* B BUfle 

y3/ioa c Ma/iort SMMTTMpytome^ nosepxHocTbio 

M/IM AaKe OCTpM&HblX M/IM nOMTM OCTpMftHblX 

SMMrrepoB. 35 
OAHaxo, HecMOTpa Ha npwB/iexaTe/ib- 

HOCTb 3/ieXTpOHHblX MCTOMHMXOB M3 reXCa60- 

pwAa ziaHTaHa, ohm ao HacToamero BpeMeHM 

npMMeHJ)K>TCfl B OCHOBHOM B WTyMHblX M/IM M3- 

/tocepMfiHbix 3/ieKTpoBaxyyMHwx ycTaHOBxax, 40 
b xoTopwx MMeeTC« B03M0>KH0CTb npHMoro Adf- 
CTyna b oSteM ycTaHOBKM m 33MeHbi xstoahux 

y3/10B, BblUUeAUiMX M3 CTpOfl. 3tO CBfl3aHO c 
TeM, MTO H3Ae>KHOM TeXHO/lOrMM COeAMHeHMfl 

KaTOAHoro Te/ia M3 rexca6ppMAa naniana c 45 
HWTbK) Haxa/iMBaHMa M3 Tyron/iaBKMx Mefa/i- 
zioB, jaxMx xax Bo/ibc()paM m/im ero cn/ia'BN, 
^TPP" 6 woryr c/iy>KMTb HarpeBaTe/ieM t He cy- 
^^X?y?T; T* KK ? K Bp/ib<^paM m Apyme Tyron/iaB- 
^^^^^^"r npwroAHbie aha M3roTOB/ieHM* 50 
^f^^M^Jf 1 ^^ He o6pa3y»OT c rexca6opM- 
.AOM/iaHTaHa H^excHoro cnan. reKca6opnA/»aH- 

"^i^SnpMKOCHOBeHMM C BO/lb<|>paMOM 

°^?Y^P fl A xpymcMx xmmmmbcxmx coeAMHe^ 
^^S$£^^ Bo/ib<t>paMa), mto 55 

CBO* 




^'^IS^^^Aa^k k3K 0H3 yB8/IMMM- 

Bae l P^P.PHST^ McnapeHMs iiairraHa M3 icaTona 



Aia npeoAO/ieHMfl stmx TpyAHOCTert co- 
3A3HW ycnoxHeHHwe KOHCTpyxuwM npflMona- 
xa/ibHoro xaTOAa Ha ocHOBe SopMAa naHiana 
n noAo6Hbix eMy xmmmmccxmx coeAMHeHwfl c 

BblCOKOft 3MMCCMOHHOM CnOC06HOCTbK). Tax, 

nanpMMep, M3aecTeH TepMOS/iexTpoHHw^ xa- 

TOA [1], B XOTOPOM XaTOAHOe Te/IO )KeCTXO 

cxpen/ieHo c HMTbro Haxa/iwBaHMH. Yxa3aHHu^ 
xaTpA coAep^cMT Tpw c/ioa. riepsw^ ocTpo3aTO- 
weHHuft c/io^ cocTaBa, o6/iaAa»oiuero cbo^ct- 

BOM TepMOMOHHOI^ 3MMCCMM, 06lHe^ (|)OpMy^U 

MeB6, rAe Me - meiOHH03eMeibHbia fAerann 
(eapwrt, Ka/ibuwa) m/im peAK03eMe/ibHbi« Me- 
rann, Bw6paHHbiM M3 rpynnw naHTaHa, mttpma, 
caMapnn m raAO/iMHMA. TpeTMft c/ioi^i coctomt 
M3 Tyron^aBxoro Meranna, HanpMMep Tam-a/ia, 
peHMP w/iM Mo/iw6AeHa. Btopoi^ c/iofl, npeAOT- 
BpamaiomMM peaxqMKD, pacno/ioxeH Me*Ay 
nepabiM m TpeTbMM c/ioflMw. MaTepwa/i BTopo- 
ro c/ion Bbi6wpa»OT W3 oahoW m/im 6o/iee rpynn, 

COCTOfllAWX M3 6opMAOB M HMTpMAOB C BblCOXOfl 

TeMnepaTypo^ n/iaB/ieHMJi m 3/iexTponpoBOA*- 

IMMMM CBO^CTBaMM. riepBbl^ M BTOpOfl TOXOBWe 

bwboaw Bn/iaB/ieHbi b TpeTMfl c/io^. B pe3y/ib- 
TaTe tox npoxoAMT M3 nepsoro BWBOAa Mepes 

TpeTM^ C/lOW BO BTOpOi^ BblBOA* 

yxa3aHHbi^ xaTOA xapaxTepM3yeTc« c^ox- 
HocTbK) TexHonorMM ero M3roTOB/ieHMw, He/\ocTa- 

TOMHO BblCOXO^ npOMHOCTbK) M AOTOBeMHOCTbK) 
BOieACTBMe OTHOCMTe/lbHO HM3X01I XMMMMeCXO^ 

npoMHocTM rexca6opMAa nauraHa m Apyrwx mc- 
no/ib3yeMwx coeAMHeHMrt b BaxyyMe, a Tax*e 

HM3X0^ MexaHMMeCXOPl npOHHOCTM MHOrOC^O^HO- 

ro Te^a xaTOAa, M3 Tpex c/ioea xoToporo Asa - sto 
xpynxwe xMMMMecxwe coeAMHeHM^. Bonee Toro, 
xax noxa3biBaeT npaxTMxa 3xcn/iyaTat{MM no- 

A06HWX MMHMBTtOpHUX X3T0A0B, C/IOM, M30/1M- 
PyiOlAMe 3MMCCM0HH0e BdMeCTBO OT HMTM 

HaxaA»a ( nocrreneHHo noABepra»OTCfl paspyuje- 

HMK), CBfl3aHHOMy C B33MMHOM AM<j>4>y3MeM Ma- 

jepwa/ioB c/ioeB. 3to, c oaho« ctopohw, 
yMeHbiuaeT AonroBenHocTb xaTOAa, Tax xax 
pa3pyiuaeT ero 3MMccwoHHwft cnoti, c APyroi* 
CTopoHw, yBe/iMMMBaeT xpynxocTb xaTOAa m 
hmtm Haxa/iMBaHMA, npMBOAa k MexaHMMecxofl 

HeHaAOKHOCTM BCeM XOHCTpyXUMM. 

H3BecTHu Tax*e npflMOHaxa/ibHwe xaTo- 
A«. b xotopwx xaTOAHoe Te/io xecTxo cxpen- 
/ieHo c HMTbK) Haxa^MBaHMA, npeBocxoAfliAMe 
no cbomm 3MMCCMOHHWM csoMCTBaM Buuieyxa- 

33HHWM X3T0A* 3tO xaTOAW Ha OCHOBe AByx 

m/im Tpex cn/iaBOB Merannoa n/iaTMHOBoti rpyn- 
nw c peAK03eMe*bHUMM MeTd/i/idMM t HanpM- 
Mep wpMAMn c ziaHTaHOM m/im uepMeM, m/im c 

MeTa/l/iaMM, Bbl6paHHblMM M3 TMT3H3, ra^HMfl, 

BO/ib^paMa, hmo6m«, Mo/iM6Aena m ap. [2]. Oa- 
Haxo 3tm npflMOHaxa/ibHwe xaTOAW xapaxTe- 

PM3yK)TC5l, TeM MTO MOKAy Te/IOM xaTOAa M 

noAorpeBaTe/ieM (HMTbK) naKanmaHnn) npo- 

MCXOAMT XMMMMeCXOe B33MMOAetf CTBMe, npM- 
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BOAamee k noTepe smmccmohhwx cboActb Ka- 
TOAa. 

11 OcBo6o>KAaeMue npw xmmmmcckom B3aw- 

I MOAe^CTBwti aTOMbi peAko3eMenbHux MeTa/i- 

7i ob MurpupyKDT no noBepxHOdn KaTOAHoro 
~m te/ia m o6pa3yK)T Ha Heft, b tom HMC/ie m Ha 

3MMCCMOHHOt* ee M3CTM, C/IOM n/10XO 3MHTTVipy- 
t^i, KDLUHX XHMUMeCKHX COeAMHeHMM, TSKMX K3K 

. - lr2La (w/im lr2Ce) t a Tsxxe APyrwx coeAMHeHMfl 
TB|v ; ; c"peAK03eMe/ibHbiMM Meran/iaMM, hto npuBO- 

Jpj • : flMT k yxyALueH M, ° smmccmohhux cboActb yxa- 

^ 3aHHblX KaTOAOB. 

> | / B ocHoay M3o6peTeHwa no/io>xeHa 3aAana 
noAo6paTb Taxo£i cocTaB KaTOAHoro Te/ia m 

HMTM HaKa/lWBaHMfl, KOTopwfl H03BO/1M/1 6w 

; fr ri p m Ma/i bi x pa 3 m e p a x KaTOAa oOecneMMTb B bi- 

ll) COKMe SMMCCMOHHbie CB0MCTB3 erO M BblCOKMe 

# ;3aAaMa peiueHa TeM t hto b 3aflB/iaeM0M 

(IpPMOHaKa/lbHOM K3T0Ae, B KOTOpOM K3T0A' 

Hoe jerio >cecTKO cKpen/ieHO c HMTbw HaKa/iM- 
flaHMfl, Ha ocHOBe cnnaBa, bk/ik3H3iou4mx 
MeTahAbi ( Bbi6paHHwe M3 mpmamh, uepMA, nan- 
TBHB t BO/ib<t>paMa, cor/iacHO n3o6peTeHMto xa- 
TOAHoe reno coctomt M3 cn/iaBa mpmam* c 
ZiaHTdHOM M/IM UepMeM, BO/lb<{>paM0M m/m/ih 

peHueM npw MxcooTHOiueHMax, Mac.%: 
v JlaHTaH m/im uepufl 5-1 2 

' Bo/ib4>paM m/m/im 
^ % ^ peHM* V ~ 2-25 

1v > : Hpn^nti OcTa/ibHoe 

COCTOMT H3 Cn/13Ba- BO/lb- 

^v^^SS; ^>&^>^ i^paM a W p e h m ii npw mx cooTHoiueHMflx, Mac. % : 

^M^m^SM^Bom^^M^^ - .70-90 

J^|5|K^ ■;■ 10-30 

^##!fS^ eo/ibcfepaMa, peHun n mpmama 

JKfSS^^^ Mac.%: 

- 70-90 . • ' 

9,5-25,0 

_ _ „ v 0,5-5,0 
^^SS^^^S^^SSiSSliSiiM- npflMOHaicanbbiHW fcaTOAcno- 

fAOBpaHHWM COCTaBOM KaTOAHOrO T6/ia M HMTM 



1|§!ll^^ BblCOKMe 

'iaimccMOHHue napaMeTpu npw Heoo/ibiUMx pa3- 
^p^Ksrr^^ B/iarbAapfl 0OAo6paHHOMy yxa- 
^HHOMy|cqcTaQy KaTOAHoro Te/ta m hmtm 
^^^^^a|f^.3aM^5)K)Tcn n poUeccu • xmmmh6- 
'^^c^&WmtAo0PiCJBVis\ Ha TpaHMije • icaTohHoro 
?Me/ia' m<hmtm : Ha Kanma hmp (hoAorpeBaTe/ifl). ^to 
xjoecnemiBaeT npoMHOCTb, HaAe^cHocTb 3^nB/i«- 
fe |M9ro|kaTOAa^ bwcokmx smmccm- 

r |)HH©^^S^B;^3ajiB/i«eMbi« KaTOA ViMeeT 
>Bt>icoKMe ?3Kcn/iyaTauwOH h we xa pa icre p mctm- 

a6oMa5ilTeMnepaTypa 

lOLUHOCTb H3Ka/13 ; 
l/IQTHOCTb TOKa 1 * 



1500i1650°C 
1,2-12 Bt ' 
1-200 A/cm 2 
|3kcn/iyaTauMM b pe^cMMe UniouiMe- 



^^^pr|^^ wne]^ ot 1000 ao 3000 m 



B 33flB/ineMOM xaTOAe jeno xaTO^a cocto- 
mt M3 cn/iaBa npnAM^ c naHTanoM m/im nepweM, 
Bo/ib<t)paMOM m/m/im peHneM npM mx cootho- 
tueHMsix, Mac.%: 
5 /laHTaH m/im uepuM 5-21 

Bo/ib(|)paM m/m/im 

peHMM 2-25 

UlpMAMM 0'CT3/1bH0e 

BBeACHHwe b coct3b yK33anHoro cn/iaea 
10 ^sHTan m/im uepMM AB/iyiK)TC3 Haw6o/iee ctom- 
kmmm k McnapeHMHD peAKOseMenbHbiMM Me- 
Ta/i/iaMw, a Bonb<ppaM m peHMCi no3Bo/iniOT 
CHM3MTb XMMMMecKoe cpoACTBo MaTepna/ion 
KaTOAHoro Te/ia m hmtm naKa/iMBaHup, TeM ca~ 
15 mum npeAOTBpaTMTb npoueccw mx xMMMHecKoro 
B3awMOAe^CTBMn. Ko/iMMecTBO jiQHTaHis m nepwfl 
(5-12 Mac. %) noAoQpaHO t3kmm o6pa30M, HTo6bi 
ycTpaHMTb BO3M0>KHOCTb nononeHMfl H3 noBep- 

■ XHOCTM K3TOA3 H/10XO SMMTTMpyiOLAMX C06AHHe- 

20 hmm TMna Ir2La. floBbiLueHMe C0Aep>KaHM5i 
yxa3aHHwx MeTa/i/ioa BWiue 12 mc.% npMBO- 
Amt k yxyAULieHMK) 3mmccmohhwx cbomctb xa- 
TOAa, a cHuxeuMe coAepxanm? Huxe 5 Mac.% 
yxyAtuaeT cpoK cnywGbi KaTOAa Bc^eACTBMe 
25 HeAOCTaTOMHOCTM aanaca sktmbhoto BeuuecT- 
bs - peAKoaeMe/ibHoro MGTa/i/ia. 

CoA6p>K3Hne q cn/T3Be Bonb<}>paMa m/mhm 
, peHMs b KO/tMMecTBe 2-25 msc.% noAoGpano 

T3KMM 06p330M, HTOQbl CHM3MTb XMMMMeCKOe 

30 cpoactbo MaTepwa/iOB KaTOAHoro rena m hmtm 
Haxa/iMBaHMJ?, no3TOMy yMeHbiueHMe co- 
Aep>K3HMfl mx m/im yBejiMweHne cnocoScTsyeT 
yxyALueHMK) 3mmccmohhwx cbomctb xaTOAa. 
HMTb Haxa/iMBaHMH b 3aflB^«eMOM xaioAe 

35 COCTOMT M3 Cn/13Ba BO/lb(|)paM3 M peHMfl npM 

cooTHOUjeHMflx, Mac.%: BO/ib4)paM 70-90, pe- 
hmm 10-30 m/im M3 crmaoa BO/ib4>p3Ma f penM« 
m mpmamw npM.cooTHOULieHMax, Mac,%: 
Bo/ib<|)paM 70-90 
40 " peHMft 9,5-25,0 
UpMAMft ' 0,5-5,0 

I4cno/ib3yeMbifl b cn/iaBe peHM^ 6/iM>Ke 

MpMAMIO nO 3/ieKTpOOTpMUaTe/lbHOCTM. MeM 

BO/ib(f>p3M m He o6pa3yej c hmm MHTepMeTa/i- 
45 , jiMHecKMX coeA^HeHMft. CoA©P>KaHMe peHMfl 
BWiue 30 Mac % Heue/iecoo6pa3HO, tbk k3k 

npM 60/lblJjeM KO/lMMeCTBe HMTb HaK3nMBaHMfl 

CTaHOBMTCJ? xpynKofi. BBeAeHMe a cocTaB 
cn^aBa BO/ib<|>paMa m peHMfl Aono/iHMfe^bHO 
50 MpMAn^ b KO/iMMecTBe 0.5-5 Mac.% no3Bon^6T 

CHM3MTb XMMMMeCKOe CpOACTBO HMTM Haxa/IM" 
B3HM5I M KaTOAHOrO Te/ia. PPM 3T0M CHM>KCHMe 

yK33aHHoro KO/iMMecTsa hmjkq 0,5 Mac.% m/im 
• yBe/iMMeHMe Bbiuie 5 Mac.% yxyAUiaeT MexaHM- 

55 MeCKMe CBORCTBa HMTM, 

yKa3aHHbie cn/iasbi mo>kho M3roTOBMTb 
o6bt4HOfl nnaBKQft b AyroBO^ neMM, B3xyyMHOM 

n/lSBKO? M/IM nopOUJKOBUM MeTOAOM M3 33rO- 
TOBOK, COCTOfllUMX M3 nOpOIUKOB COOTBeTCTBy- 
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(©mux -ryron/iaBKMx MeTan/ioB, a Taicace nopow- 
kob ruAPMAOB nanrana m/im uepMa. 

T1 p w m e p 1. 3anBnneMbia np»MOHaKa/ib- 
Hbift KaTOA coctomt M3 KaTOAHoro Te/ia B BMAe 

UM/lMHApa, OAHO M3 OCHOBdHMrt KOTOpOCO C/iy- 
HCMT 3MMCCMOHHO* IIOBepXHOCTbK) (AMaMeTp 

KaTOfla 1 mm), m noAorpeBaie/ifl b bma@ AByx 
HMTefl HaKa/iMBaHMj? t npuKpen/ieHHbix k oaho- 

My M3 OCHOBaHMfl T6/TB K3T0A3 C p33M6pdMM; 
A^WHa HMTM 3,4 MM, AHaMeTp HMTM 0,12 MM. 

KaTOAHoe reno coctomt m3 cn/iaBa, Mac.%: 
UepMft 12 
PeHMtf 23 
MpMAM« OcTa/ibHoe 

HMTb HaKa/lMBSHMJI COCTOMT M3 Cn/ldBd, 

Mac.%: 

PeHMfl 10 
Bo/ib<(>paM OcTanbHoe 
YKaaaHHwe cn/iaBu 3a*B/i*eMoro k3toa3 
no/iysa»OT nopouiKOBWM mctoaom M3 3aroTo- 
BOK, COCTOfllAMX M3 nopoujKOB yxa3aHHbix Me- 

Ta/1/lOB. 

Pe3y/ibTaTbi McnuTaHMfl 3a*B/iaeMoro 
np5?MOHaKa J nbHoro kbtoa3 bhhbm/im ero c/ieAy- 

K)lMMe 3/16KTpMM6CKM6 M 3KCn/iyaT3UMOHHUe 

xapaicrepMCTMKM: 

Pa6oMaa TeMnepaTypa 
KaTOAa 1650°C • 

MounHOCTb Ha Kan a 9 Bt 

. Tok KaTOAa b HenpepwBHOM 
pexwMe 600 mA 

ri/IOTHOCTb TOK3 

KaTOAa 75 A/cm 2 

CpoK 3Kcn/*yaTauMM b 
pexMMe UMioiMMecKoro 
BK/iioMeHMfl HaKana c 

AHMTe/lbHOCTblO MMK/ia 
50 MMH BKflK>MeH0, 10 MMH 
B^IKfliOMeHO >1000 H 

n p m m 'b p 2. 3aaB;ifleMbifl np*MOHaKa/ib- 

Hblfl KaTOA COCTOMT M3 KaTOAHOrO Te/13 B BMA& 

np«Moyro/ibHoro riapa/i/ienenMneAa c pa3Me- 
paMM ctopqh: A^MHa 0,6 mm, wwpnHa 0,5 mm, 
BwcoTa 0,4 mm m np/u>rpeBatehfl a bma6 AByx 
* H ^e^ HaKa^MBaHMp, npMKpen/ieHHwx k oahoA 
M3 rpaHefi KaTOAHoro Te/ia (pai^epw hmtm: 
A^MHa;2,8 mm; AwaMeTp 0,6 mm).4;:; 
*jSKaTOAHoe reno coctomt M3 c/iaBa, Mac. % : 

%mu$yM ,, tt$ ; i.,3 ■ ■ ■ » < , 

?$^?MB}^/ : ' : k OcTa/ibHoe^ • 
!S|M^lf13xa/iMBaHM« coctomt M3 cnnaBs, 

if^BeHMftM^rv r 27 
^^^^^Sl^^m^ e cn^iaBWBaproH- 



B pe3y/ibTaTe McnbrraHMfl BUAB/ieHbi c/ie- 
Aywiuwe 3/ieKTpMMecKwe m sKcn/iyaTauMOHHue 
xapaicrepMCTMKM yKa3aHHoro KaTOAa: 

Pa6oHa« TeMnepaTypa 

■ K3TOA3 1500°C 

MotAHocTb HaKana 2,4 Bt 

Tok KaTOAa b Henpe- 

PUBhom pe^MMe 60 mA 

ri/IOTHOCTb TOKa 

20 A/cm 2 




10 KaTOAa 

CpoK 3Kcn/iyaTai|MM b 

pe>KWMe 14MK/1MM6CKOrO 

BK/iKDMeHna naKa/ia c 

A^HTe/lbHOCTbfO UMK/I3 
15 50 MMH BK/1K)MeHO, 10 MMH 

, BblK/IK)HeHO 15000 s 

n p m m e p 3. 3aflB/i5?eMbi« np»MOHaKa/ib- 

UHfl K3TOA COCTOMT M3 K3TOAHOrO Te/ia B BMA6 

napa/i/ie/ienMneAa c pa3MepaMM ctopoh: a/im- 
20 Ha 0,4 mm, ixiMpMHa 0,4 mm, BwcoTa 0,4 mm m 
noAorpeBaTe/ifl b BMAe AByx HMTert naKa^a. 
npMKpenneHHwx k OAHOti M3 rpaHeft Te/ia KaTO- 
Aa c paaMepaMM KaacAofl hmtm: A^MHa 2,5 mm| 
AwaMeTp 0,5 mm. 
25 Te/io KdTOAa coctomt M3 cn/iaBa, Mac.%: 
UepMft 6 
Bo/ib4>paM 3 
HpnAMrt OcTa/ibHoe 

HMTb H3Ka/1MBaHM3 COCTOMT M3 011/10133, 

30 Mac.%: 

PeHMtf 20 
Bo/ib<|>paM OcTa/ibHoe 
YKa3aHHbie cnnaBw M3roT0B7ieHbi b Ayro- 
Boft neMM Ha mcahom BOAooxna>KAaeMOM kpm- 
35 CTa/i/iM3aTope b aTMOc<J)epe aproHa. 

B pe3y/ibTaTe McnwTaHM^ BwqB/ieHw c/ie- 
Ay*oti|Me 3/ieKTpMMecxMe m 3Kcn/iyaTai|MOHHbie 
xapaKTepMCTMKM yK33aHHoro KaTOAa: 
Pa6onafl TeMnepaTypa 
40 KaTOAa 1500°C 

MoiUHOCTb H3K3/ia 1 ,4 Bt 

Tok KaTOAa b Henpe- 
Pwbhom pe>KMMe 2 mA 

ri/IOTHOCTb TOKa 
45 K3T0A3 1,2 A/cm 2 

CpoK sKcn/iyaiauMM 

K3T0A3 B pe>KMMe UHK71M- 
HeCKOrO BKiHOHOHMA 

HaKaaa c AflMTe/ib- 

50 HOCTbK) UMK/ld 50 MMH , 

BK/lfOMeHO, 10 MMH BUK/IK)- 

MeHO y >30000m 
fl p m m e p 4. 3aflB/ineMbi^ npjiMOHaKa/ib- 

Hblft KaTOA COCTOMT M3 KaTOAHOrO Te/ia B BMA6 

55 , npflMoyro/ibHoro napa/i/ie/ienwneAa c pa3Me- 
paMM t ctopoh: A^MHa 0,4 mm, ujmpmhs 0,4 mm, 
BwcoTa 0,4 mm m noAorpeea rensi b BMAe hmtm 
Haka/iMBaHMrt c pa3MepaMM: a^mhs hmtm 2 mm, 
AMaMeTp HMTM 0,15 MM. . 
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6 
3 

OcTa/ibHoe 

COCTOMT M3 Cn/13Ba, 



KatOAHoe reno coct'omt m3 cn/iaBa, 
Mac.%: 
UepMfl 
Bo/ib<t>paM 

UpMAMM 

HuTb HaKa^MBaHUfl 
Mac.%: 

UpwAnw 4 
BoAb<t>paM OcTa/ibHoe 
YKa3aHHue cn/iaBbi M3roTOB/ieHbi nopotu- 

KOBblM MeTOAOM. 

B pe3ynbTaTe McnbrraHMfl BwwB/ieHw c/ie- 
AytOLMne 3/ieKTpnHecKne n aKcn/iyaTauMOHHbie 

Xap3KT6pMCTMKM yKa33HHOrO KdTOAdl 

Pa6oMa« TeMnepaTypa 
KaroAa 

MoiMHOCTb HaKa/ia 
Tok K3TOA3 b Henpe- 
pblBHOM peacMMe 

fl/IOTHOCTb TOK3 K3TOA3 

CpoK SKcnyiyaTauMM b 
pexviMe nocTOflHHoro 

TOKOOT6opa 

FlpuMep 5. 3anB/i5ieMbiA npnMOHdKa/ib- 
Hbift karoA coctomt M3 KaTOAHoro rena b bmac 
UM/iMHApa, paho M3 ocHOBaHMrt KOTOporo c/iy- 

)KMT 3MMCCMOHHOM nOBBpXHOCTbtO (AM3M6Tp 

KaTOAa 1 mm), m noAorpeBaTe/in b BMAe a By* 
Htrreft Haica/iMBaHMfl, npuKpen/ieHHbix koaho- 
My m3 ocHoeaHM^i Te/ia KdTOAa (pa3Mepw 
hmtm; fl/iMHa 3,4 mm, ambmctp 0,12 mm), 

KatOAHoe reno coctomt m3 cn/iaBa, 
Mac.%: y 

UepM* 12 
PeHMfl 23 
MpMAMft .OcTa/ibHoe 
%.< &^?MLHMTbxH«aKa/iMBaHM« coctomt M3 cn/iaaa, 
: ^;^-Mac.%:- :: ^ :;: ;\ ' 

: ; , '10 * 

■'S#I5^^^^*P® M ' ' • . OcTa/ibHoe. 

^• : ^?^S^^iB?Wfi ,b,e cn/iaew M3roTOB/ieHw nopoiu- 



1680°C 
4 Bt 

200 mA 
125 A/cm 2 



1000 m 




McnuTaHMft BUflB/ieHbi c/ie- 
^^J^ m 3Kcn/iyaTai*M0HHbie 

yKa33HHoro KaTOAa: 
TeMnepaTypa 




.. ^^M^ipAaS,. 




Ha- 

xa/ia c A/iMTe/i b HocTb \o 



1600°C 
8Bt 

600 mA 
75 A/cm 2 




BK/lKWeHO, 
;Bbl»OJK)HeHO >1 000 M 

3anB/i5ieMbiPi npflMOHaKa/ib- 
Ig^biMcaTOA coctomt M3 KaTpAHoro Tena B BMAe 



napa/i/ienenMneAa c pa3MepaMn ctopoh: a/jm- 
Ha 0,4 mm, iiiMpnHa 0,4 mm, BwcoTa 0,4 mm h 
noAorpeBaTe/in b BMAe AByx HMTefl HaKa/iMBa- 
HMA, npwKpen/ieHHwx k oahom M3 rpaHetf Tena 
KaTOAa c paaMepaMM kb^kj\o\a hmtm: pjuahs 2,5 
mm, AMaMeTp 0,5 MM. 

KaTOAHoe Te/io coctomt m3 cn/iaaa, 
Mac.%: 

UepMtf 6 
^0 Bonb<J>paM • • ' 3 

1/lpMAMM 0CT3/lbH06 

HMTb HaKa/iMBaHMfl coctomt M3 cn/iaBa, 
Mac.5: 

PeHMfl 27 
15 Bo/ib(J)paM OcTa/ibHoe 

YKa3aHHwe cnnaBbi M3roT3B/iMB3K)T o Ay- 
rosofl nenM Ha BOAoox/ia*AaeMOM KpucTan/iM- 
3aTope b aTMOC<t>epe aproHa. 

B pe3y/ibT3Te McnuTaHMft BWflB/teHw c/ie- 
20 AywtAMe 3/ieKTpMnecKMe m SKcn/iyaTauMOHHwe 
xapaKTepMCTMKM yKa3aHHoro KaTOAa: 
Pa6ona« TeMnepaTypa 
xaTOAa 1500°C 
v MoiUHOCTb HQKana 1,4 Bt 

25 Tok kstoas b HenpepwBHOM 

pe>KMMe 2 mA 

fl/IOTHOCTb T0K3 

KaTOAa 1,2 A/cm 2 

CpoK 3Kcn/iyaTauMM 
30 KaTOAa b pe^KMMe umk/im- 

MecKoro BK/iK>M6HMfl HaKa/ia 

C A^MTe/lbHOCTblO MMK/ia 
50 MMH BK/1KDMeHO, 10 MMH 
BblK/llOMeHO >30000 M 

35 n p m m e p 7. 3a5tB/ineMbift npaMOHaKa/ib- 

Hblfl K3TOA COCTOMT M3 K3T0AH0T0 Te/ia B BMAe 

UM/iMHApa, MMeiomero pa3Mepw: AMaMeTp 1,6 
mm, BwcoTy 0,6 mm, m noAorpeBaTe/in b BMAe 
AByx HMTeW HdK3/iMBaHM£, npMKpen/ieHHUx K 
40 oAHOMy M3 ocHOBaHm^t i|M/iMHApa c pa3Mepa- 
mm HMTeft HaKa/iMBaHMft: A^MHa 2,5 mm, A M a- 

MeTp HMTM 0,12 MM, 

. KaTOAHoe Te^o coctomt m3 cn/iaB3, 

M3C.%: 

45 /laHTaH 10 

Bo^b^paM 12 

Upmamm OcTa/ibHoe 

HMTb HaKa/IMBdHMfl COCTOMT M3' CnflaB3, 

Mac.%: 

50 PeHMM 27 

Bo/ib<|)paM OcTa/ibHoe 
yKa33HHbie cn/iaBW M3roTOB/ieHw nopoiu- 

KOBblM MeTOAOM. 

B pe3y/ibTaTe npoBeAeHHwx McnbiTaHMrt 
55; BWAB/ieHw c^eAyroiAMe 3/?eKTpMMecKMe m skc- 
n/iysTauMOHHbie xapaKTepMCTMKM yKa3aHHoro 
KaTOAa: 

Pa6oHaji TeMnepaTypa 

1600°C 



KaTOAa 
MpiMHOCTb naKana 



12 Bt 
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Tok KaTOAa b nenpepbiBHOM 
pexwMe 1 2 A 

ll/lOTHOCTb TOKa 

KaTOAa . 45 A/cm 2 

yCTO^HMBOCTb K B03~ 5 
fle&CTBMK) KOPOTKMX 

Umkjiob HaKana a pextMMe: 

1 MMH BIOllOHeHO, 1 MMH 
BblK/1K)M6H0, KO/IMMeCTBO 

UMIU1CB 10000. 10 

n p m m e p 8. 3aflB/iaeMbifl np*MOHaica/ib- 

HUft K3TOA COCTOMT M3 K3TOAHOrO Te/ia B BMA6 

UwiMHApa, MMeiomero pa3Mepu: AMaMeTp 0,4 mm, 
BwcoTy 0,5 mm, m noAOrpeaaTe/iR b bmab hmtm 
HaKa/insaHMji c pa3MepaMw: AflMHa hmtm 3,2 mm, 1 5 
AnaMeTp hmtm 0,05 mm. 

KaTOAHoe Teno coctomt m3 cn/iaBa, 
wac.%: 

UepMtf 10 
Bo/ib<t>paM 3 20 

PeHMfl 3 
UpMAMfl OqTanbHoe 
HiiTb HaKa/iMBaHMfl coctomt M3 cn/iaBa, 
Mac.%: 

PeHMfl 20 " 

Bo/ib<|>paM OcTa/ibHoe 
n p w m e p 9. 3anBpneMbirt npflMOHaica/ib- 
Huft KaTOA coctomt M3 KaTOAHoro Tena B BHAe 
UM/]MHAPa, oaho M3 ocHOBaHuft KOTOporo cny- 

XMT 3MMCCMOHHO* nOBepXHOCTbK) (AM3MeTp 30 

KaTOAa 1 mm), m noAorpeBaTenfl b bmag fleyx 
HMTetf HaKa/inBaHMfl, npMKpenneHHbix koaho- 
My M3 ocHOBaHMii Te/ia KaTOAa c pa3MepaMM: 
A^MHa hmtm 3,4 mm; AnaMeTp hmtm 0,12 mm. 
KaTOAHoe Teno coctomt M3 cnnaBa, Mac.%: 35 
UepM* 12 
PeHMfl 25 
MpMAn^ OcTa/ibHQe 



HMTb HaKanMBaHMfl coctomt M3 cn/iaBa, 
>Mac.%: ■ \ ^ ♦ 

PeHMfl 30 
Bo/ib<t>paM OcTayibHoe 
YKa3aHHbie cnnaBbi 3a«B/i«eMoro KaTOAa 
no/iynaiOT nopowKOBUM mctoaom ms 3aroTo- 
bok, cocTOfluiMx M3 nopouiKOB yKa3aHHbix Me- 

Ta/l/lOB. ; " ... 

v (Pei3y/ibTaTbi McnwTaHMfl aaflBnaeMoro 
np^QHaj^bHoroKsrow BbiHBM/iM ero c/ieAy- 
ioi^mb 1 3n6KTpMMecKMe m SKcnnyaTauMOHH ye 
xapaKTegMpTMKM: / - t 



1650°C * 
9 Bt 

600 mA 

80 A/cm 2 - 



40 



45 



50' 



Pa6oMa« TeMnepaTypa 
KaTOAa 

MoiUHOCTb HaKana 
Tok KaTOAa b Henpe- 
pbiBHOM pexwMe 

fl/lOTHOCTb TOKa 

KaTOAa 
CpoK SKcnnyaTauuM b 
pexMMe uMK/iMnecKoro 
BiaiiOMeHMfl HaKa/ia c' 
A/iMTe/ibHOCTbK) UMKna 

50 MMH BK/lK)MeHO, 10 MMH 
BbJK/ltOMeHO >1000m 

n p m m e p 10. 3aflB/ifleMutf npaMOHa- 
xanbHWM KaTOA coctomt m3 KaTOAHoro Tena a 
BMAe napannenenMneAa c paaMepaMM ctopoh: 
A/IMHa 0,4 MM, LUMpMHa 0,4 mm, Bbicora 0,4 MM 

m noAorpeB3Te/isi b BMAe AByx HMTefl HaKana, 
npMKpen/ieHHbix k oahoA m3 rpaHefl Tena kbto- 
Aa c pa3MepaMM Ka>KA0fl hmtm: pj}\ahq 2,5 mm, 
AMaMeTp 0,5 mm. 

Teno KaTOAa coctomt M3 cnnaBa, Mac.%: 

UepMtt 5 

Bonb<t>paM 2 

1/lpMAM^ OcTa/ibHoe 

HMTb HdKd/iMBaHMn coctomt M3 cnnaBa, 
Mac.%: 

PeHMfi 10 

Bo/lb<|>p3M OCTB/lbHOe 

YKa3aHHbie cn/iaBW M3roTOB/ieHbi b Ayro- 
boA neMM Ha mcahom BOAOOxnaKAaeMOM kpm- 
CTan/iM3aTope b aTMOccfcepe aproHa. 

B peaynbTaTe McnbiTaHMfl BunaneHbi cne- 

AyJOlAMe 3/ieKTpMHeCKM6 M 3KCn/iyaTaUM0HHW6 

xapaKTepMCTMKM yKa^aHHoro KaTOAa: 
Pa6oMafl TeMnepaTypa 
KaTOAa 1500 C 

MoujHOCTb HaKana 1,2 Bt 

Tok KaTOAa b Henpe- 

pblBHOM pe>KMMe 2 mA 

fl/lOTHOCTb TOKa ^ 

KaTOAa 1 A /cm 

CpoK 3Kcn/iyaTauMM KdTOAa 

B pe>KMMe UMK/lMHeCKOrO BK/1K)- 

neHMfl HaKana c A^^Tenb- 

HOCTblO UMK/ia 50 MMH 
BKnK)MeHO, 10 MMH Bbl~ 

, KniOMeHO . >25000m 



O.^ 6 ' p m y f\ a m 3 o 6 p e t e h m a 

3 KATOA, b 

* ^Top^^ic^pAHpe r Teno, xecTKo - CKpen- 

:|n^H^^^^^i^lHpF t ^HaKanM:BaHMfl<. ^coctomt 

Vwn*i ■{ uepMfl 



v^rpynnu^ 



fetnaHTaHa: 



nnaTMH6B0ft|rpynnw^:^ 



MpMAMfl 



v MeTanna 
m TyrbnnaB- 



Koro MeTanna, ofwiwatomMMCfi TeM, mto. 
KaTOAHoe >eno b KanecTBe TyronnaBKoro 
55 MeTanna C0Aep?KMT Bonb<f)paM M/MnM pe- 
hmm npM ' cooTHouieHMsx MeTannoB, 
Mac.%.: / 

JlaHTaH MnM uepMM 5-12 
;Bo/ib(|)paM M/MnM peHMM 2- 25 
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MpMAMii OcTa/ibHoe 

d HMTb HaKa/lMBaHMfl COCTOMT W3 

cn/iasa Meia/i/ioB - BO/tb<{>paMa n peHMfl 

npi/i mx cooTHoiueHMM, Mac.%: 
Bojib4>paM 70-90 
Pewitf 10-30 
2. Kstoa no n.1, onvnwatoiuMMCs TeM, 



cn/iae MeTannoB hhtm HaKanwBaHun ao- 
no/iHMTe/ibHO C0Aep>KMT npnAMM npw c/ie- 
AytomeM cooTHOiueHMn MeTa/inoB, Mac.%: 
Bovib(j)paM 70-90 
PeHMM ( . 9,5 - 25.0 

HpnAUM ' . 0,5 - 5,0! 




• ' • • • i . ■ 

COCT3BMTG/lb fJ.Ko/lMMHCkwtf 

TexpeA M,MopreHTa/i KoppeKTop CflaTpyiueBa 



Tnpa>K . • noAnwcHoe 
HnO TIomck" PocnaTeHTa 
113035, MocKBa, X-35; PayuiCKafl Ha6., 4/5 
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